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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a steel pipe 
subjected to expansion working in a state of being 
inserted into a well and used as it is. 

SOLUTION: This steel pipe having excellent expanding 
workability has a composition in which the content of C 
satisfies the following inequality (1) and further 
containing 0.1 to 0.50% Si, 0.3 to 1.5% Mn, 20.03% 
P, 20.010% S, 0.001 to 0.05% sol.AI and 20.010% N, is 
subjected to quenching and tempering, is subjected to 
expansion working in a state of being inserted into a 
well and is used as it is: C 3 8.3x10-10(YS)3-0.02 (1). 
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[HUB] #JStz#AS*tfc«aR-C4C»lni*ff*>*U 

KSi :0.1 -0.50%, Mn:0.3 -1.5 %, P :0.03%Jil 
T, S : 0.010 %WT\ sol.AI : 0.001 -0.05%±5J:r/ 
N : 0.010 %&T«r#*U '^AttMMLfitS^ttT^ 
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CS8.3 X1O- ,0 (YS) 3 -0.02 

fc**u clicks mm.%) £tfu Ystmvtfct) 

(N/nwOSrTjvTo 

im^m3] Kg%T?, Si :0.1 -0.50%, Mn:0.3 

-1.5 p : o.03%mT±5iy f s : 0.010 %BlT, so 

I.AI : 0.001 -0.05%i3J:O f N : 0.010 %J0LT*-t-*-f 

[lt*Jl4] «4%T\ Cr : 1.50%£JIT\ Mo : 0.80% 
WT\ Cu : 0.35%J-J.T. Ni :0.50%WT> Ti : 0.03%W 
T, Nb : 0.03%WT, V : 0.2 %&T& X tfCa : 0.005 

titzmvo 

[0 0 0 1] 

(o t i xnm $ ft & Mtf u eg ir z> . 

[0 0 0 2] 

[fi£*oUWl 113 »i, vft#Pifc(±**^#Ff (JttT\ 

tc*2<Otf2 SrSlfcU ttTI^, » 3 01= 3 is J: a?** 

4»5©f 5t*Rt4CtUJ:oT, #p6«IL 
Tv>fc 0 z<r>tztf>, iLVm^^pZMm-tZfztbiztt, 
o» * u rttffli- * nt-os^is x. & <fc t *> k«b 
mmmi>i£*-fz>fztr> y ffis&i&xn* hzmtx^ 

tZo 

[0 0 0 3] ZtltX'iZiy^ #ptc*v^rttffl^n^.« 

mit&mzztizxzmmmtvi&mzx <o. mm? 
* h<Dmm t m<btix£?zi><n<7), w$H&mx<oi&mz 
i^sitnx b<7>n\mmm~mLtzmtf$>-otz 0 tz 

tlX^&o 

[0 0 0 4] 04(a) -1114(c) l±, Z<7>m L^MX.Jf 

lcjjrt.£T{c, ^<oifeX^S(±, $fcK±*t::Sta:3*Lfc 
ii« 7 ont «t *) i> * $ fc^gOiltf 8 £r#Pl*H-l¥A 
L (14(a) #?B) , Z<Dm f &8lZ-?> KV^9fil 
</»rtt*ftII«ritL (114(b) #B8) , ft 
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*T*4tetr4nitt«c«*i*:3itf. 
[ffi**2] c-§-#fi#Tie(i) £Si*« 

(1) 

*8*rflltt7UK-&S*fc«]Rr«efflL (114(c) # 

[0 0 0 5] S5I±, Z(DmT.^mzl 0i£I£it£# 
P9 0-^J4:^-rift?giir-4)^o off), U5t:^i-J: 

Jfc&LT, &*>*Mffl<7>i§Wl0a (tiii*' 
■Ci, #Ff^fel9<7)Mtf10a-10c Oft«ffl*«r«ib-t- 

[0 0 0 6] t C5T% ilSlOa , 10b (±, lOil l- 

iml«»::J*ftya*fT oZt # f , $ fc, #$r if 

Si&T-#4v> 0 t£*Jni»oaR«E-*- & ZttfX'Ztz 
t LX$> , BE(-fe« : *DX$tt7t:^^Jfe^^c J ?l^±tf 

*I^TftUft&ix«SI*10a , 10b ^*coifex* 
* f ^*§ftrv^ 0 

[ooo7] io«rL^jfer*s»c«$ii*si**affl 

^S!*^*Sffi: LT, 4f&T6 -17542 »fiiUIJ, « 

i: iz x i) , ssKKKissiW^^^a-e-r izfcmnx. 
\tzisi&x. mmx-mikz ttx § 

[0 0 0 8] 4i3, #^2957717 -f- ±5 «t U-'|b] ^255664 

i. 1-fc*>*>, #rp*2957717 ^lf)I5£cO#g 
40 Ptt;istt-2)tDXajS^J:^SnXS«r!i#^1-S t«T* 
f). #fi=»2556643 -f-l±, a&j£«r#j£1-& i: KS* 

esw #sp& t- it * ioxiss ^ i mam * #11=^29 

57717 -9-j:|qt|luW%1"« i)Wf*4 0 
[0 0 0 9] 

tt<D%-Wlz£-?Xi>. «TiELfc#PO*rL.v»l45l^Ftt»- 

^IStti- jet (i^ pT^T»* & o 
[0 0 10] -T4fe*>, W^L^#P<OfrL^iSX^ffi 
50 »-«$it*ti«ji, #Pi*ir"^»Di?tt-?-wii«ffl 
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Lrf>U #&¥6 -17542 ttmzsnom&ztitzfkw 
i t iz t £ & tz #> , & « tUD a * vs <* - 1 wx 

[0 0 11] Sfc, #ifffl2957717 ^r\ZX. *) **£itfc 

ZtiZ'timmttgLt-tZtziblz, BftJtfiT 
/ittfcgfti Lfc^OT-abO, ffi*imXttJiWfe#iltl, 

[0 0 12] #lt^2957717 -g-Cli, S^EESO 

[0 0 13] #B^#-t»2556643 ^IZX 

&hi?mk<r>#)~it*mz>z\ti) t x-%-t£^tz!b^ rnnbx 

*v»««tt**5!*$<t*. *rLv»JtX2fi*K«$it4»l 

®ffl«-*t1->SSie<!03l?R®JSJ±, 294 -^IN/mm 2 
Jt«Wffi:3SlSt?*)-6o Z\<7>lztb, 450 -SOON/mn^^Sco 
*3ft*3Sq5***L4, «rLv>ltX*SU«5*v4flI*U 
*tLT(±jgffl-e#^v» 0 #ffp#-S|-»2556643 -f-<7)^T*li 
CS8.3 X10- 10 (YS) 3 -0.02 
fc«L, (1) sSKfcv^T Clicks («*%) Sttf 

[0 0 2 3] co*«w»:*»*»*aWF-ett, Si : 

0.1 -0.50% &WfflmXtt.!$l<ZZtt>l0tf%:^8.i0 

T%J i±SS%£ 3:1*1- &) . Mn:o.3 -1.5 %, P : 
0.03%WTiJJ:O f 'S : 0.010 %&T\ sol.AI : 0.001 - 
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[0014] ##§w±, fe*uaxttu«*Lfcai*ttt« 

[0 0 15] 

[»H*»»-r4Jt»0*a] ^Ig^^fbJi, Steffi 

fiLTU$He-r«»4:jaiJL(1) -(3) 
70 [0 0 1 6] (1) »«*PX«r«>T|-fta!flP, #KI*JP<0-+ 

&fflSA ? M^flnxttu*#&f;@£&iiri% LjJ>U I* 

86!li:*t LfcGtfJjWHS3*U *J-&t£SJDX£fi : 9 

[0 0 17] (2) DnX««0«*i.**l8!FV»-Ct6L^tfc*JP 
X^nTffit-r^UJi, 8ttA»«n4:ttKl?*4. 

(3) HH*Jt*ft<«oU(i, C^*fi^ftiJ«1-^>w 

20 [0 0 18] $e>(c, -(3) t 

(4) #?^«tt3*iTttfflS*x*SI*fc LTK#3*i* 

m zmtz-ftzeoizi*^ fcmuj:&t<7>5i$im£tiz> 
mmiz-o^x i>mi!!v>mmtmmzcLm<07t%<z>-£m 

[0 0 19] *HWI±, CtL<c><Oftiat-l6o*V>TiS*l. 

^^><o-eabo> m&iz&m-tzffcfrz&mizmffl-fzz 

[0 0 2 0] «#F4fc{i^#Prt^lf A 

$*L7t*»affi-et?:*jpx*fT*»*iTiefflSii4 1 1 i>iz& 
jaa$*i-ci4i£*ijDXttJcffiKfca! i t-e*&o 

[0 0 2 1] i<7)*l§^lC^^aiil : c0^g(±73.03 - 
339. 73mmT'* 0 , l*D¥li5.0 -18.0nmT** 0 > ^h^\ 
?fi?^SIi450 -gOON/rm^-ei^C t?5 5 \ -ftl-m^S 

40 [0 0 2 2] i^c, ^O^S&lBKi&^&iHtr-tNl, C-t" 

m^tix^^zt^t lv> 0 
(1) 

0.05%^^^ : 0.010 %\XTi^-fZ>Z t1>K tRI^ 

[0 0 2 4] $^>IC, C<D^^(C^^-z>»i ! tfT-(±, C 
r : \.50%IXT, Mo : 0.80%mT> Cu : 0.35%mT^ N 
i : 0.50%y.T\ Ti : 0.03%WT, Nb : 0.03%1J.T. 
50 V : 0. 2 %VXT*S i VCa : 0. 005 % JSLT Sr-g-*^ SCt 
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[0 0 2 5] 

[0 0 2 6] (1) **it03Bffifl5a(*0»f)Uttt. 0.85 
JEHT-C*4o 0 1 U*i-&*KSitt11*fflv»T. 
12*>±i::flHri3«:K«U 3->12t«»LO>4Kf 
Sffi13a a»S>*£4tt2»F*mr*-4£i:t-J:»>Sltf13 
fciStf-J-a&WWfcfcfr^ ««13<04£«faWaDi i:J£ 
*»T BWI«Df t © JtDf /D i £ L T £ *t £ &fir* © 

[0 0 2 7] -^cDig*. ^«<7)P$f^Jt^0.85WTT-*n 

ot#x£>*t£ 0 ffi*inX«:fT*>*t*tt«>SI* 
C2s8.3 x10- ,0 (YS) 3 -0.02 

[0030] t^t, #^ofse*oi6x^rffiu«six 

#&<&.?>o fit, ftSftlK§!*Uov»T{±, 

[0 0 3 1] Z<7>tztf>, #^<0^<DifeX^-ft^ft$tL 
[0 0 3 2] mr&L/iJ:^^ **JfeO«S80iRtfli, 

u# A $ ttTSts: £ *tfc«]K-ei£« Jnx t ff *> 
[0 0 3 3] -ecT% ***ofH«n?HU M*OKft9ft 

Ktct-cc-Mriftniii-riit, *ffW(=i±±B 

(1) J: -7 »:C**ltilPt4 ttt K« 

a i&ft U S*M» u a IS * B* L & K« x. If** 

[0034] m xti&muikmLtzm'g 



**OBiJtlfc*«0.85JBLT-C**ilftnX«ftft3i , !lS < 

tS«=©i$f£ltrt f 0.85JaTT-&ft<fSPl&ft:£- 
Ui"), He.***** i. *) fam<r>W-^Ufr*,z®fSrtz, z t 
tea gftLt, IfitfJpi^H^mJcJij-Ufffcft 

0.85mTtK^1-^o H«0«Lft3>>«b, HWftJt©±IR* 
<±0.85HT\ TH{t(±0.70WXT-*^)^ ti)K *1X-?'iX 

70 [0 0 2 8] B«0«jR*f,, fggcr>*Mll±73.0 

3 - 339.73mmT*i5t), HtfO|^)¥(i5. 0 -18.0im>-e£> 
*K ? <bC?l5i5*R(±450 -OOON/ram 2 ^*^^ t**Sf 

(2) ***^s©ifoc*tiii. Tied) 

L, (1) *UiSv»rCttC^-** YS 
tiffftteftr (N/nm 2 )*^1-„ 
[0 0 2 9] 



(1) 



(3) **Jfto»S5ositf{i, @ Btt*«>*tt 
WttR*»Sfc*K(iCJ3l*M=£ij>U, Si, Mn. P, S 
iiilKsol.AlisiOfNSr^TC^t Ltt#t^i:t t 
Ci\ Mo, Cu, NU Ti, Nb, V & X ZfCa i ffijS^*D7C 
ft LT^tt*. WT, ^.afjOTCf do^Tfc -f-O 

[0035] %.i,z, &f&.fr<r)m&m&iz'=>^xm<<2>o 

30 Si : 0.1 -0.50% 

StciiO.I %J^±<7)?^J!)P75 f £>^-C*ai5-£.o — 0.50%* 

®x.-c^jpi-*t, «miunxttj>*»L<3Eftr*o -e-- 

T% ***fcO»]B-e(i, Si#*S(±0.1 %JgLt0.50%£L 

[0 0 3 6] Mn : 0.3 -1.5 % 

i> 0 Mn#*S^0.3 %*pT-ab^>t^KiJJ:rmi4* s t 
40 UcfgfF-f£o — Mn#^rfi75 ? 1 . 5 %S:8x.St, ii 

-1T\ *HJiOff^T-|±, Mn^*ii±0.3 %J£l±1.5 % 

[0 0 3 7] P : 0.03%ljLT 

P(±, ^*E»t LTiH^t^nT&fflKffft-r&o P#* 
***0. 03% * m x. h t , a*t:WfLT«tttfiTS* 
So $*l<Ofi,Ti±< P#*-*(±0.03%JilT 

ti«t5, m*O«jft*»iba4L<Ji0.015 %&Tt- 

^) o 

50 [0 0 3 8] S : 0.010 %OT 
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#g^0.010 %£ ig x. -5>fc8U4 -5. <, *ZX\ 

^m^umx-it, s^-*gt±o.oio %WTt^t 

-So W]ffl<OM.$.frbMi L < (±0.005 %UTT-*4„ 
[0 0 3 9] sol.AI : 0.001 -0.05% 
Al(±, J&KO£*!>i;<J&g&7C?gT**lK sol.AIO^g 

* s o. ooi %mnx-$> z t isi^st- <t o TUB^-ft: 

U fatt^eT^-^o Lt^U sol.AI^*fi^0.05%* 

^„ *:ZX\ ^mm^mX'li, sol.AI^-;frg<±0.001 
% J0l±O. 05% JEIT t £ 0 

[0 0 4 0] N : 0.010 %JTF 
N(±. ^BTii^tl^^C^-r^^ Al, Ti$c>(c(±Nb 

mtm^^xmm^m-rz 0 m-. ain^-hn^ 

iiOff^T-l±, N^-**(±0.010 %0.TtEStl.o 
[0 0 4 1 ] Cr : 1.50%J^T 

^ii&*#xKg* I* •) , 

SgHiW-t^iNfe&o 

g<O±BMtt±1.50%<t:R7El~&o Cr-&#fi<75TISffi(±iif 
U56*4£«J44<, Htri£L*:±:? K0%, -fft;b*>Cr 
(±iiiSinL&< T*> iv>. 
[0 0 4 2] Mo : 0.80%J-jlT 

Moi-it. mxitmmb zwrn*. ?>mzzzmt*w 
m-tzn&m&b*), ^&%jtmx%,z 0 fc*fu mm 

X'&Ztzit>iZzixh±&$:i>fzhi-£ti>lz, RiVfo<r> 

imrni.®. izxz m&m £ #.t*i- z t z „ zzx\ 

*H*fe<7)ff^T-(±, Mo^*gl±0. 80%tl.T t WLfc-f Z „ 
t fz , Mo(±ttjt^SD7C^T** £ ri» <b fl^lD L & <" T «> <fc 

[0 0 4 3] Cu : 0. 35%&T 
Cut±, mm&ltlz&^-tZtf. Cu-^*S^0.35%^^x 

zt^?&mmz£ztfi^mit<r>%m&&<%Zo zz 

X\ ***0®Jg-C(i, Cu^-**Ji0.3596WTfcR3c-f 

±V>o 

[0 0 4 4] Ni : 0.50%J-J.T 

Ni(±, cute 3*****0, fr-om&fa 

±lz&-5--tZ 0 L*»U Ni-g-*gA f 0.50%S-Sx.-6i:« 
«»****„ -e-i-C, *^i<?)»lTS±, NifttfttO. 
50%JSJLTtRjei-4o 4fc, Militt**ijn7C*-e***» 

[0 0 4 5] Ti : 0.03%mT 
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Ti(±. TiN b LX&WJ$.X'<DmE s ®.±it*Vi<'Z tizfl) 
Mtf&Zo Lrt*U Ti'kmS:t> t 0.03%$:m,z_ZtCtm 
-ft- LTTi C ^r^fig-t^s^Jiiin U SSet-JSfJSSr&tJ 
-fo -€"C-C% Ti-^**(±0.03%WT 
tR5et4. ttz. Til*&&Mmitmx$>Zfrbmi\L 

[0 0 4 6] Nb : 0.03% i-lT 
Nbl±, NbC. NbN i&.J& L, i*ffl«-etf>|&flifi*fl:*l* 
tf;5<!)»7) ? *-5>o LtJ>U Nb-§-:frg75 ? 0.03%£i@x. 

■Cli, Nb-g-*-g(±0.03%WTi:l?a^-r^o ifc, Nb(±tt 

[0 0 4 7] V : 0.2 %J3LT 

v-s-#**«o.2 %t8xit, mmzm&&tRi2-to 
zzx, ^mmmmx-a, v^-*gi±o.2 %WTtR 

[0 0 4 8] Ca : 0.005 %J^LT 

L^L, Ca^g^O.005 %%m*-Z tft&fotf 

0>wiz%;tkirZo tzx, *mn<r>fmxit, Ca^-^g 

(±0.005 %iJLTi:IS«-r'5.o Cat±tt*aSJOx*T 
[0 0 4 9] *HM<7?ff^<Oiil : OJiKJJ.noa)S:(±. 

30 t>-*tt®»im&LfzWmffi i & (ERW)^, h^«b^ 
[0 0 5 0] iwioi:, **tto»SP.o«l«fi, 

-r^ffi^^ss«-$ij«i-r -a i t iz x *) p$ttjt^te < «o 
nt> ixz m<o^rmzmfz^ i sm t si& i siti l zm*ixis 

Ofc*, ^ft'Un^ h &mm-fZ Z t rfX # ZML^#f5 

40 mtz&m-tzztffxzzo 

[0 0 5 1 ] 

IHSSCTl §"b(~> *«W4r*iS«*#SgLft**e>»«I 
i:RWti. tn:ffMi#tsei/7 1200 
-1250"C t-Jn^L^f^, -7>?^-7>--7> KWU-SSe 
ffitr ± 0 : 88. 9mm. £ ± T/mm '. 7. 34nm<0-+SSr* 

[0 0 5 2] 
[*1] 
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mm 


C 


Si 


Mn 


P 


S 


Cu 1 Cr 


Ni 


kio 


Ti 


V * 


Nb isol.M 


N Ca 


A 


0. 07 


0. 23 


1.22 


0.008 


0.001 


0. 01 I 0. 06 


0. 02 


<0.01 


0. 007 


<0. 01 


<0. 001 


0. 036 


0. 006 0. 003 


B 


0. 08 


0. 17 


0. 82 


0.016 


0. 008 


0.02 


0.04 


0. 02 


<0.01 


0.008 


<0.0i 


<0. 001 


0. 027 


0.004 0.000 


C 


0. 05 


0. 29 


0. 94 


0. 006 


0. 002 


0. 28 


0.07 


0.08 


<0.01 


0. 009 


<0.01 


<0. 001 


0.049 


0.006 


0.002 


D 


0. 09 


0.20 0.87 


0.015 


0. 005 


0.01 


0.04 


0.04 


<0.01 


0. 007 


<0.01 


<0. 001 


0. 029 


0.004 


0. 000 


E 


0. 07 


0. 29 1. 28 


0. 009 


0. 001 


0. 29 


0. 09 


0. 10 


<0.01 


0. 029 


0.01 


<0.001 


0.041 


0.005 


0.002 


F 


0. 10 


0. 29 ; 1. 32 ' 0. 01 


0. 001 


0.34 


0. 11 


0. 46 


0. 01 ' 0. 020 


0.01 


0. 025 


0. 033 


0.003 


0. 003 


G 


0. 24 


0.20 


1.41 0.018 


0. 006 


0.01 


0. 05 


0.02 


0. 01 0. 001 


0.01 


0. 002 


0. 025 


0.007 


0.001 


H 0.05 


0.24 


1.40 0.011 


0. 002 


0.02 


0. 23 


0.20 


0. 10 0. 020 


0. 18 


0. 028 


0.048 


0.005 


0. 003 


I 0. 14 


0.27 


1. 33 0. 008 


0. 002 


0.01 


0. 19 


0.02 


0. 08 0. 007 


0. 04 


<0. 001 


0. 029 


0.005 


0. 003 


J 0.23 


0.41 


1.21 0.025 


0. 005 


0.01 


0. 20 


0.01 


0.01 0.010 


0.01 


0. 001 


0. 038 


0. 006 


0.004 


1 K 0. 24 


0. 20 


0. 32 , 0.018 


0. 006 


0.01 


1.42 


0. 02 


0.01 0.001 


0.01 


0. 002 


0. 025 


0.007 


0.002 


L 0. 23 


0. 27 


1. 23 


0.022 


0.005 


0.01 


0. 51 


0.01 


0.50 0.011 


0.01 


0.010 


0. 042 


0.007 


0.003 ? 


M 


0. 27 


0. 29 


0.41 


0. 004 


0. 009 


0. 02 


1.04 


0. 02 


0. 76 


0. 009 


0. 02 


0.020 


0. 038 


0.004 


0.001 


N 


0.25 
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